Memory for repeated items improves when presentations are spaced during study. This effect is found in memory tasks using different types of material, paradigms, and participant populations. Although several explanations have been proposed, none explains the presence of spacing effects in cued-memory tasks for unfamiliar stimuli. Two experiments assessed the spacing effect on a yes-no recognitionmemory task using nonwords and words as targets. The main results showed that changing the font between repeated occurrences of targets at study removed the spacing effect for nonwords only. A 3rd experiment using lexical decision showed that the font manipulation reduced repetition priming of nonwords when items were repeated at Lag 0. These results suggest that short-term perceptual priming supports spacing effects in cued-memory tasks for unfamiliar stimuli.
Items that are repeated during learning are better remembered if their second occurrence is experienced after one or more intervening items from the first occurrence (spaced presentation) compared with a condition in which the second occurrence of an item immediately follows the first one (massed presentation). This so-called spacing effect is a very robust phenomenon that has been observed in explicit memory tasks like free recall, recognition, cued-recall, and frequency estimation (for reviews see Crowder, 1976; Greene, 1989; Hintzman, 1974) . Both the ubiquity and robustness of this effect have puzzled memory researchers. Moreover, the resistance of the spacing effect to experimental manipulations has made it relatively difficult to empirically test theoretical explanations of the phenomenon. Despite these difficulties, various theoretical accounts have been put forward to explain the spacing effect in explicit memory tasks, and it is now believed that a theoretical account of this effect should be multifactorial. Greene (1989) proposed that two types of explanations are needed to accommodate the empirical findings described in the literature. More specifically, under the assumption that free recall is particularly sensitive to contextual associations, Greene proposed that a specific version of the contextual-variability account of spacing effects (i.e., the study-phase retrieval account) could accommodate the empirical data on free recall. Contextual-variability theories suggest that the spacing effect arises because spaced presentations allow the creation of more retrieval cues than do massed presentations (e.g., Melton, 1970) . More specifically, Greene suggested that the occurrence of an item in the study list reminds participants of other items in the list and of the contextual features associated with those items. This reminding process, when repeated items are spaced in the list, brings about the encoding of different contextual features for the target items, thus leading to the creation of more retrieval cues than in the massed presentation, in which there is less opportunity for changes in the context surrounding the target item. This reminding process occurs automatically without conscious control. Consistent with this view are the findings of comparable spacing effects in the free recall of words learned either incidentally or intentionally (Greene, 1989) and learned either under focused or divided attention (e.g., Russo, Parkin, Taylor, & Wilks, 1998) .
If the explanation that spacing effects in free recall are due to a study-phase retrieval process seems fairly uncontentious, the same cannot be said about the explanation of spacing effects in explicit cued-memory tasks (e.g., recognition memory, cued recall, frequency estimation). Under the assumption that recognitionmemory tasks and cued-memory tasks such as frequency estimation or cued recall are less sensitive to contextual information, and more sensitive to the item information present in the memory trace, Greene (1989) suggested that the spacing effect in these tasks arises because of inadequate processing of the second occurrence of target items in massed compared with spaced presentation. In particular, Greene suggested that massed items receive less voluntary rehearsal than do spaced items, and as a consequence massed items are less well recognized at test. The absence of a reliable spacing effect in yes-no recognition-memory and frequency-estimation tasks after incidental learning, combined with the presence of a significant spacing effect following intentional learning, appeared to be consistent with this view (Greene, 1989) . However, this account can be rejected, because reliable spacing effects in cued-memory tasks have been detected under incidental-learning conditions. In particular, Challis (1993) obtained a reliable spacing effect following incidental learning of target words in both a frequency-judgment test and a graphemic cued-recall task, but only when the orienting task used to induce incidental learning promoted semantic analysis of target words. No spacing effect occurred when the encoding task focused on the structural features of target words (see also Greene & Stillwell, 1995; Rose & Rowe, 1976; Russo & Mammarella, 2002) .
On the basis of his findings, Challis (1993) suggested that spacing effects in cued-memory tasks arise from a facilitatory process (i.e., semantic priming) that is involuntarily triggered by the semantic analysis of target items. More specifically, Challis suggested that the first presentation of a target in the study list primes the second occurrence of the target item, thus reducing its semantic processing. Moreover, the semantic-priming effect appears to be stronger when the delay between the prime and the target is short (e.g., Kirsner, Smith, Lockhart, & King, 1984) , thus less semantic processing should be given to the second occurrence of items in massed presentation than in spaced presentation. According to Challis, this mechanism provides spaced items with more extensive semantic processing than massed items, and as a consequence it provides a basis for the spacing effect to emerge.
With respect to the differential-rehearsal and the semanticpriming account of spacing effects in cued-memory tasks, Russo et al. (1998) noticed that both accounts stemmed from the verbal learning tradition and that as a consequence both theories were in part constrained by the nature of the material used in the experiments. Russo et al. also noticed that an immediate prediction of Challis's (1993) semantic-priming account of spacing effects in cued-memory tasks is that spacing effects should not occur when either the experimental manipulation or the stimuli prevent semantic priming during learning. Contrary to this prediction, Russo et al. obtained comparable spacing effects for unfamiliar faces when these were intentionally learned under either focused-or dividedattention conditions. They also obtained a significant spacing effect for unfamiliar faces learned incidentally during orienting tasks focusing on the structural features of targets. Given that differential rehearsal of spaced stimuli and semantic analysis of unfamiliar faces is unlikely to have occurred under the learning conditions used by Russo et al. (1998;  for similar results using nonsense verbal information and nonsense shapes see Mammarella, 2002, and Cornoldi & Longoni, 1977, respectively) , it therefore appears that voluntary rehearsal and semantic priming cannot provide a complete account of the spacing effect in cuedmemory tasks for unfamiliar stimuli. Russo et al. (1998; see also Russo & Mammarella, 2002) proposed that a short-term perceptual-priming mechanism supports the spacing effects in cued-memory tasks for unfamiliar, nonsense targets. They suggested that when unfamiliar, nonsense stimuli are used as targets in a cued-memory task, memory performance depends on the recruitment of structural-perceptual information about the studied targets. Furthermore, they argued that when items are presented in a massed way at learning, the first occurrence of an item primes its second occurrence, hence leading to reduced perceptual processing of repeated occurrences. Congruent with this approach is the finding that short-term repetition-priming effects for nonwords are drastically reduced when the lag between prime and target trials is increased from zero to six (e.g., McKone, 1995; McKone & Dennis, 2000) . Thus, this short-term perceptualpriming mechanism provides spaced items with more extensive perceptual-structural processing than massed items, and as a consequence it provides a basis for the spacing effect to emerge.
Assuming that perceptual-structural information supports performance in cued-memory tasks for unfamiliar stimuli unlikely to be semantically analyzed, the above mechanism can account for spacing effects observed using this type of target stimuli. Reports of reliable short-term perceptual-repetition-priming effects using unfamiliar faces (e.g., Bentin & Moscovitch, 1988) are also consistent with this account.
An empirical test of the perceptual-priming account of spacing effects in cued-memory tasks for unfamiliar material can be carried out by assessing the effect that perceptual modifications between the occurrences of the repeated target items at study have on the magnitude of the spacing effect in cued-memory tasks. If perceptual repetition priming is mainly responsible for the spacing effect in cued-memory tasks for stimuli that do not have an established semantic representation in memory (e.g., nonwords, newly experienced faces), then a variable that negatively affects short-term repetition priming should also negatively affect the spacing effect. Because short-term repetition priming is reduced by surface modifications of target items between study and test (e.g., McKone & Dennis, 2000) , it follows that modifications of the perceptual appearance between the first and the second occurrence of the repeated items at study should impact on the spacing effect. Moreover, the reduction in the priming effect because of perceptual modifications is particularly evident, and especially so for nonwords compared with words, when there is no lag between the two occurrences of the target item (i.e., McKone & Dennis, 2000) . Therefore, reduced perceptual priming should have a particularly large influence on the perceptual analysis of the second occurrence of massed nonwords compared with spaced nonwords.
From the above argument it follows that in the case of nonwords, the spacing effect should be eliminated mainly because recognition of massed items repeated in different perceptual formats should increase relative to recognition of massed items repeated in the same perceptual format. Moreover, given that perceptual priming should be less effective on spaced nonwords, recognition memory for spaced nonwords should be at roughly the same level whether they are presented at study in the same or different font. Thus, for nonwords repeated in different fonts at study, the spacing effect should be reduced because the performance on massed items should increase toward the level observed with spaced items.
The aim of the present study was to provide an empirical test of the short-term perceptual-priming account of spacing effects in cued-memory tasks. To this aim, we describe a series of experiments that measured yes-no recognition-memory targets consisting of either nonwords or words. Target items were repeated in either a massed or spaced way during the study. The main manipulation was intended to affect the perceptual characteristics of the target items during learning. In the standard learning condition both occurrences of the repeated items were presented in the same font (either Amazone [A] or Trebuchet [T] ). In the critical condition the two occurrences of the repeated items were presented in different fonts during learning (i.e., AT or TA). Because perceptual modifications between repeated occurrences of target items should reduce short-term perceptual-priming effects, we predicted that this manipulation would reduce the magnitude of the spacing effect in a yes-no recognition-memory test for nonwords (see Experiment 1). Previous studies have indicated that manipulations of the perceptual appearance of repeated target words during learning do not affect the spacing effect in cued-memory tasks for this type of material (e.g., Hintzman, Block, & Summers, 1973) . Hence, the font manipulation used in Experiment 1 was expected not to affect the magnitude of the spacing effect when words were used as targets in Experiment 2.
Experiment 1
In this experiment nonwords were used as targets. These were selected so that they were easily pronounceable but difficult to associate with English words, thus reducing semantic encoding. Furthermore, to reduce both the possibility of inducing semantic analysis and the rehearsal of nonwords, we designed the experiment so that participants incidentally learned the target information through orienting tasks that promoted a superficial orthographic analysis of the items (e.g., counting the number of letters with enclosed parts present in each nonword). This type of orienting task is known to remove semantic priming for words (M. C. Smith, Theodor, & Franklin, 1983) but not perceptual repetition priming (e.g., Challis & Brodbeck, 1992; Friedrich, Henik, & Tzelgov, 1991) . Therefore, under the learning conditions used in this experiment, perceptual repetition priming was expected to operate, at least when the perceptual appearance of repeated targets was held constant during study.
The main manipulation consisted in the perceptual modifications occurring between the two occurrences of the repeated targets at learning. There were two levels of the font manipulation. In the critical condition different fonts were used to display the occurrences of the repeated targets at study in a counterbalanced way (i.e., AT, TA). In the control condition the same font was used to display repeated targets at study (i.e., AA, TT). The manipulation of the font used to display the items at study was made within subject. At test half of the participants saw the items in the Amazone font and the remaining half in the Trebuchet font. Thus, only half of the items repeated at study in the same font were presented at test using the same font. The remaining half of the targets were tested using a different font. For the targets repeated at study in different fonts, the test font was always one of the fonts used to display one of the two occurrences seen at learning.
Given that the perceptual modifications of target items between study and test may affect recognition-memory discrimination (e.g., Mulligan & Hirshman, 1995) , it was also important to assess the impact that study-test font-manipulation modifications could have on overall recognition-memory performance and on the size of the spacing effect. If the magnitude of the spacing effect is (a) maximal when the study and test format of target items is identical, (b) intermediate when at least one of the two occurrences of the repeated targets at study is presented in the same font used at test, and (c) minimal when items at study are studied in one font and tested in a different font, then these reductions in the magnitude of the spacing effect can be associated to the various degrees of matching between study and test fonts. If the above pattern occurs, a short-term perceptual-repetition-priming mechanism cannot be invoked to account for reduced spacing effects. This reduction in the spacing effect could be more parsimoniously explained as being due to the effect that decrements in the degree of perceptual matching between targets at study and test have on recognitionmemory performance. On the other hand, if the overall performance in the recognition-memory task is modulated by the degree of matching between the fonts used at study and test, whereas the spacing effect is selectively reduced only when the occurrences of the repeated items are presented in different fonts at study, then a repetition-priming mechanism can be held responsible for the reduced or absent spacing effect.
To deal with this problem, we conducted a preliminary analysis that assessed the size of the spacing effect for the conditions in which participants saw the repeated occurrences at study in the same font but then saw the items during the recognition-memory test either in the same or in a different font from the one used during learning. If the spacing effect was reliable and comparable between these two conditions, then the overall study to test font matching was not a viable explanation for any differential spacing effect that can be detected between the two main experimental conditions (i.e., the condition in which different fonts were used to display the repeated occurrences of targets at study vs. the condition in which the same font was used to display the repeated occurrences of targets at study).
Method
Participants. Thirty-six students from University of Essex, Colchester, United Kingdom, took part in Experiment 1. All participants were native English speakers.
Materials. Seventy-two nonwords were used in Experiment 1. These items were selected from a larger sample of nonwords that had been rated by an independent group of people on pronounceability and on the readiness to remind one of English words. The selected nonwords did not easily bring to mind English words, but they were easy to pronounce.
These nonwords were divided into three main sets (A, B, and C), each composed of 24 nonwords. Items were randomly assigned to each set. To create 12 different study lists, we repeated this process 12 times. Each study list was used three times. The typical study list contained two sets of items (i.e., A and B): Items from Set A were repeated twice in a massed way (Lag 0), whereas those from Set B were repeated after six intervening nonwords (Lag 6). The set of items not presented during study (i.e., C) was used to provide the distractor items in the test list. Each set in the study list (i.e., A and B) was further divided into four subsets each composed of six items. Thus six items in each set were randomly assigned to the AA presentation condition, six items to the TT condition, six items to the AT condition, and six items to the TA condition. This applied to both massed and spaced presentations. These are exemplars of the fonts used to display the stimuli:
The structure of each study list was obtained by repeating a template twice. This template consisted of 62 item presentations. Twelve targets were presented twice at Lag 0, 12 targets were presented twice at Lag 6, and four fillers were presented at both the beginning and end of the template. Three other fillers were repeated twice in a spaced way. Massed and spaced items were randomly intermixed in the template. Therefore, each study list was made of 124 occurrences. Because participants performed two different graphemic orienting tasks on the same target during study, one for each of the two presentations of each target item, and each target set was divided into four subsets of six items each (i.e., AA, TT, AT, and TA), three items from each subset were displayed with an asterisk next to the first occurrence, and the remaining three items were displayed with an asterisk next to the second occurrence. The presence or absence of an asterisk next to a target was associated with the requirement to perform different orienting tasks during learning. This procedure was used for both Sets A and B. A similar arrangement was also applied to the fillers. Finally, the test list contained all 72 nonwords from the three sets (i.e., A, B, and C) in random order. Half of the participants saw the test stimuli in the Amazone font, whereas the remaining half saw them in the Trebuchet font.
Design and procedure. Two within-subject variables were manipulated: the lag between repeated targets during study (massed vs. spaced; i.e., Lag 0 vs. Lag 6) and the font manipulation of repeated targets at study (same font vs. different fonts). For items repeated in the same font at study, half were tested in the same font used at study, whereas the remaining half were tested in a different font.
In the study phase each participant saw a sequence of items on a computer screen. Each item was displayed for 3 s with a 1-s interstimulus interval. Learning occurred incidentally. Participants were told that if an item appeared with the asterisk next to it they had to count the number of letters that extended above or below the main body of the item (e.g., letters such as t or g). Otherwise, they had to count the number of letters with enclosed parts (e.g., letters such as d or b). Two different ratings of the same target, instead of the same rating repeated twice, were used to prevent the participants from basing their responses to the second occurrence of an item on their memory for the first occurrence, because this has been suggested to induce an artifactual spacing effect (Greene, 1989) .
Participants spoke their responses and were told that these were recorded, whereas in fact none were recorded. During the 5-min retention interval, participants were asked to perform a digit-cancellation task. At test, participants were asked to perform a yes-no recognition-memory test. Studied and new nonwords were presented in random order. Items at test were always presented in either Amazone or Trebuchet fonts. Each item remained displayed on the screen until participants responded. They had to press either the key marked yes, if they remembered having seen the item during the incidental study phase, or the key marked no, if they could not remember having seen the item during the incidental learning phase. The experimental session lasted about 25 min.
Results and Discussion
Percentages of hits, false alarms, and dЈ scores obtained in Experiment 1 are presented in Table 1 . Statistical analyses were conducted on dЈ scores, for this and the following experiments, using the correction factor suggested by Snodgrass and Corwin (1988) .
As discussed in the introduction, a preliminary analysis was conducted only on the subset of nonwords presented twice at study in the same font but displayed at test either in the same or in a different font. A 2 (lag: Lag 0 vs. Lag 6) ϫ 2 (study-test font similarity: same font at study and test vs. different fonts at study and test) within-subject analysis of variance (ANOVA) showed that spaced items (dЈ ϭ 0.91) were better recognized than were massed items (dЈ ϭ 0.71), F(1, 35) ϭ 13.39, MSE ϭ 0.115, p Ͻ .01. When the font at study matched the font at test (dЈ ϭ 0.86) discrimination tended to be better than in the different-fonts condition (dЈ ϭ 0.76), F(1, 35) ϭ 3.59, MSE ϭ 0.097, p Ͻ .07. Moreover the interaction was not significant, F(1, 35) ϭ 0.45, indicating that the spacing effect was comparable when fonts at study and at test were identical (dЈ ϭ 0.17; the 95% confidence interval [CI] ranged from 0.03 to 0.31) and when they differed (dЈ ϭ 0.24; the 95% CI ranged from 0.07 to 0.41). These findings indicate that although changing the font between study and test tended to reduce recognition-memory accuracy, the magnitude of the spacing effect was not affected by this manipulation.
In the main analysis, the effect of changing the fonts in which repeated occurrences were displayed at study (same vs. different) was assessed using a 2 (lag: Lag 0 vs. Lag 6) ϫ 2 (font manipulation of repeated targets at study: same vs. different) withinsubject ANOVA. This showed a significant effect of font, F(1, 35) ϭ 5.57, MSE ϭ 0.064, p Ͻ .05, reflecting superior recognition memory when different fonts were used to display the occurrences of the repeated items at learning. There was a significant effect of lag, F(1, 35) ϭ 12.99, MSE ϭ 0.059, p Ͻ .01, indicating that spaced items were better discriminated than massed items. It is more interesting to note that the interaction was significant, F(1, 35) ϭ 4.85, MSE ϭ 0.051, p Ͻ .05, indicating that the spacing effect was larger when there was no change of font between the two occurrences of the repeated items at study. The mean difference in dЈ scores between spaced and massed items was 0.23 when no font changes occurred at study (the 95% CI ranged from 0.11 to 0.35) and 0.06 when font changes occurred at study (the 95% CI ranged from Ϫ0.04 to 0.16).
Overall the results of this experiment support the predictions of the short-term perceptual-priming account of spacing effects in cued-memory tasks for unfamiliar stimuli. According to this view, when meaningless nonwords are used as targets, the spacing effect should be larger when there are no alterations in the perceptual appearance of the repeated occurrences of the target items at study. Under these circumstances the first occurrence of a target mainly primes the second occurrence presented in a massed way, thus reducing its perceptual processing. This priming mechanism is less effective on spaced items, therefore it should minimally affect the perceptual processing of their second occurrence at study. Under the assumption that recognition-memory decisions are based on the acquired perceptual-structural information about target nonwords, it follows that spaced items benefit from a more extensive perceptual analysis at study, thus they should be better recognized than should massed items. On the other hand, when repeated occurrences at study are presented in different fonts, the priming mechanism is expected to be reduced. As a consequence, perceptual processing of the second occurrences of massed items should be enhanced, thus both massed and spaced items are likely to receive comparable perceptual processing during study. The consequence is that either a reduced spacing effect or none at all should emerge. Congruent with the above view, in the control-learning condition, when the font was left unchanged between the two occurrences of the repeated targets at study, a robust spacing effect was detected. However, when there was a change in the font used to display the repeated occurrences of the target nonwords during learning, the spacing effect was significantly reduced compared with the standard learning condition, and it was not significantly larger than zero. Moreover, as shown in the preliminary analysis conducted on the control-learning condition only, the study-test font manipulation seemed to affect recognition memory (i.e., performance tended to increase when the font used at study matched the font used at test). This finding provides additional support for the key role played by perceptual information in supporting recognition-memory performance. Finally, it appeared that the magnitude of the spacing effect was comparable and significantly larger than zero in both font manipulations used in the control conditions (i.e., same font at study and test vs. different fonts at study and test). This finding should be coupled with the observation of a selectively reduced spacing effect in the condition in which different fonts were used for the repeated occurrences at study and with the marginally significant effect of study-test font manipulation on overall recognition-memory performance. Collectively, these findings cannot be accommodated by suggesting that the obtained differences in the size of the spacing effect in the various experimental conditions used are simply due to the effect that decrements in the degree of matching between the perceptual characteristics of targets at study and test have on recognition-memory performance. If this were the case, then the spacing effect should have been minimal for those items that were presented twice using the same font at study and were then tested using a different font.
Experiment 2
The next experiment attempted to show that the short-term perceptual-priming mechanism is specific to the spacing effect in cued-memory tasks for unfamiliar information. Hence, the font manipulation used in Experiment 1 was applied to target words. We predicted this manipulation would not affect the spacing effect in a yes-no recognition-memory task for words. Congruent with this prediction are the observations that manipulations of the perceptual appearance of repeated target words during learning did not affect the spacing effect in cued-memory tasks for this type of material (e.g., Hintzman et al., 1973) .
Experiment 2 differed from the previous one because we used English words as targets, instead of nonwords. The main experimental variable was, as before, the manipulation of the fonts used to display the two occurrences of the repeated target words during learning (i.e., same vs. different font). A further difference was the fact that deep semantic orienting tasks, instead of graphemic tasks as in Experiment 1, were used to promote incidental learning of targets. The reason for this is that following graphemic orienting tasks, no spacing effect seems to occur with target words (cf. Challis, 1993; Greene & Stillwell, 1995; Rose & Rowe, 1976; Russo & Mammarella, 2002) . Therefore, to assess the effect of the font manipulation on the spacing effect, it was necessary to introduce a semantic-encoding task to allow the spacing effect to emerge.
Finally, in Experiment 2 the presentation time was varied to control the overall level of recognition performance. Recognition was expected to be much higher for words than for nonwords when both types of stimuli were presented at the rate of 3 s per item during learning. Because differences in the overall level of performance between words and nonwords makes a direct comparison difficult, in Experiment 2 we varied the presentation rate (either 3 s or 1.5 s) to determine if the spacing effect for words was sensitive to the font manipulation at levels of performance comparable with those seen with nonwords.
Method
Participants. Thirty-six students from University of Essex took part in Experiment 2. All participants were native English speakers, and none of them had taken part in the previous experiment.
Materials. Ninety-six words were used in Experiment 2. Because in this experiment words were used as targets, a larger number of targets were used, compared with Experiment 1, to avoid the risk of a ceiling effect in recognition-memory discrimination. The procedure to create the study lists and the test list was comparable with the one adopted in Experiment 1. However, given the larger number of stimuli used (i.e., 96 words divided into three sets of 32 words), each study list comprised 164 occurrences: 32 targets were presented in a massed way, 32 targets were presented in a spaced way, and the remaining items were fillers. The test list contained all 96 words from the three sets (i.e., A, B, and C) in random order.
Design and procedure. The design used in Experiment 2 was almost identical to the one used in Experiment 1. The only difference was the fact that 24 participants received a fast-presentation condition at learning (i.e., stimuli were presented for 1.5 s with a 500-ms interstimulus interval), whereas for the remaining 12 participants stimuli were presented, as in Experiment 1, for 3 s with a 1-s interstimulus interval. Learning and test procedures were like those used in Experiment 1, with the exception that two semantic orienting tasks, instead of two graphemic orienting tasks, were used in Experiment 2. Participants were told that if an item appeared with the asterisk next to it, they had to rate the imagery value of the items. Otherwise they had to evaluate the item in terms of pleasantness. Both the pleasantness and imagery ratings were made on a 7-point scale.
Results and Discussion
Percentages of hits, false alarms, and dЈ scores obtained in Experiment 2 are presented in Table 2 . Statistical analyses were conducted on dЈ scores. Unlike in Experiment 1, no preliminary analysis was performed to assess the effect of changing the font between study and test. This analysis was excluded because we did not expect that this variable could influence the size of the spacing effect when words were used as targets (cf. Hintzman et al., 1973) .
A 2 (lag: Lag 0 vs. Lag 6) ϫ 2 (font manipulation of repeated targets at study: same vs. different) ϫ 2 (presentation: fast vs. slow) mixed ANOVA showed a significant effect of presentation, F(1, 34) ϭ 51.35, MSE ϭ 0.25, p Ͻ .01, indicating that recognition-memory discrimination was better following slow presentation of target words during study (dЈ ϭ 1.70) than after fast presentation (dЈ ϭ 1.07). There was a significant effect of lag, F(1, 34) ϭ 57.83, MSE ϭ 0.059, p Ͻ .01, indicating that spaced items were better discriminated than massed items. The Font ϫ Lag interaction was not significant, F(1, 34) ϭ 0.60, indicating that the size of the spacing effect was not affected by presenting the occurrences of the repeated targets during learning either in the same font (dЈ ϭ 0.24; the 95% CI ranged from 0.16 to 0.32) or in two different fonts (dЈ ϭ 0.20; the 95% CI ranged from 0.14 to 0.27). None of the remaining main effects and interactions were significant, Fs(1, 34) Ͻ 3.15. Therefore it appeared that presenting the target words at study either in a fast or in a slow way did not affect the size of the spacing effect.
Overall, from the results obtained in Experiments 1 and 2 it appears to be that when nonwords were used as targets, a reliable spacing effect was present but only when the occurrences of the repeated targets were presented in the same font during learning. When a change in font occurred between the two occurrences of the repeated items, the spacing effect was removed. On the other hand, this manipulation did not affect the size of the spacing effect for target words.
In Experiment 2 the speed of presentation of target words was manipulated to achieve a recognition-memory performance comparable with the one obtained in Experiment 1 using target nonwords. We thought that a direct comparison of the effect of font changes at study on the size of the spacing effect for words and nonwords would have been more appropriate if comparable performances at Lag 0 were obtained using both types of targets. Indeed, dЈ scores were comparable for the massed items displayed in different fonts during learning in Experiment 1 and in the fast presentation mode of Experiment 2, F(1, 58) Ͻ 1. A one-way between-subjects ANOVA on the size of the spacing effect for both nonwords (Experiment 1; dЈ ϭ 0.06) and words (Experiment 2, with fast presentation; dЈ ϭ 0.20) that at study were presented twice using different fonts approached conventional levels of significance, F(1, 58) ϭ 3.87, MSE ϭ 0.07, p ϭ .054. This analysis supports the conclusion that font changes at study reduced the size of the spacing effect for target nonwords compared with target words. As a cautionary note, it is important to keep in mind that this analysis compares data obtained in two experiments that differed in several ways other than the type of target material (e.g., the number of target items per experimental condition, different encoding tasks).
Collectively the results of Experiments 1 and 2 lend support to the short-term perceptual-priming account of spacing effects in cued-memory tasks. However, further support for the view that short-term perceptual repetition priming underlies the spacing effect in cued-memory tasks for nonword targets would be obtained showing that the font manipulation used in the previous experiments also affects the magnitude of short-term perceptual priming. The next experiment investigated this issue using a lexical decision task to measure short-term perceptual repetition priming during the study phase of a recognition-memory task.
Experiment 3
If short-term perceptual repetition priming plays a crucial role in the spacing effect observed in recognition memory for nonwords, then the font manipulation used in the previous experiments should affect the size of the short-term repetition-priming effect. In particular, when a font change occurs between the first and the second occurrences of nonwords presented in a massed way, a significant reduction in the priming effect should be observed compared with the condition in which both occurrences are displayed in the same font. To assess this, we used a lexical decision task on target words and nonwords that were displayed twice at different lags (i.e., Lag 0, Lag 3, and Lag 6) using either the same font or different fonts. It was expected that lexical decisions on the first occurrence of target items (i.e., prime trials) would induce a faster reaction time on the responses emitted during the second presentation of a target (i.e., probe trials). This repetition-priming effect was expected to decrease as a function of increasing the lag between prime and probe trials. Moreover, changes in font between prime and probe trials were predicted to reduce the size of the priming effect, especially for nonwords repeated at Lag 0 (cf. McKone & Dennis, 2000) .
An unexpected yes-no recognition-memory task for the nonwords presented during the lexical decision task followed the study phase. According to the short-term perceptual-priming account of spacing effects in cued-memory tasks it was expected that, as in the previous experiments, a reliable spacing effect would have occurred only when repeated nonwords were displayed in the same font during the incidental-learning phase.
Method
Participants. Eighteen native English-speaking students from University of Essex took part in this study. None of these students took part in the previous experiments. Design. A three-factor within-subject factorial design was used. Items of different lexical status (i.e., words vs. nonwords) were repeated using the same or different fonts (i.e., TT, AA, TA, and AT) at three different lag conditions (Lag 0, Lag 3, or Lag 6). The dependent variable was the repetition-priming effect (i.e., the difference in reaction time between primed and baseline conditions) in the lexical decision task and dЈ scores in the recognition-memory task.
Materials. In the lexical decision task, 320 words and the same number of pseudowords were used. The words (mostly nouns) were all from three to seven letters long and of medium frequency. According to the Kučera and Francis (1967) norms, frequencies ranged between 50 and 150 occurrences per million. The pseudowords were also from three to seven letters long and were constructed by replacing one, two, or three letters from common English words. These pseudowords were selected from those provided by M. E. Smith & Oscar-Berman (1990) . The pool of words was divided into two sets of 160 words each. One set was used in the baseline condition, whereas the words in the remaining set were used as targets. The 160 words assigned to the baseline condition were presented only once. The 160 target words were presented in the following way: 80 words were presented twice with no lag (i.e., Lag 0) between the first and the second occurrence (i.e., prime and probe, respectively), 40 words were presented with three intervening items between prime and probe trials (i.e., Lag 3), and 40 words were presented with six intervening items between prime and probe trials (i.e., Lag 6). Each target set and the baseline items were further divided to have the same amount of items assigned to the different prime-probe font combinations (TT, AA, TA, and AT). The allocation of target items to each lag-format condition occurred randomly. This process was performed nine times, leading to the creation of nine different lists. Each study list was given to 2 participants. The same procedure was also applied to the pool of nonwords. An additional 15 words and 15 nonwords were used as filler items. The fillers were used to generate the lists to be used in the lexical decision task. Overall, each list used in the lexical decision task comprised 990 trials. There were 160 baseline words and 160 baseline nonwords. There were 160 target words and 160 target nonwords, each presented twice. Fifteen filler words and 15 filler nonwords were presented once.
Trials were constructed so that the relevant features between prime and probe trials (i.e., lexical status and font of the item immediately preceding the probe trial) were equivalent for both massed (i.e., Lag 0) and spaced (i.e., Lag 3 and Lag 6) repetitions. For massed items, prime trials were always of the same lexical status as probe trials, whereas the font of the prime could be either the same or different than the one in which the probe trial was displayed. To obtain equivalent presentation conditions for spaced items, we regarded these as triads (e.g., house
where the third member was a repetition of the first member after either three or six intervening items. The second member of each triad (i.e., the item immediately preceding the second occurrence of the repeated item) was always an item of the same lexical status as the third member, and it was presented either in the same font as the third member of the triad or in a different font. The same arrangement was also used for baseline trials. Baseline items were regarded as dyads, so that two different items of the same lexical status were presented in sequence. The second item was presented either in the same font as the preceding item or in a different font. To present the items in this way, we needed to strictly control the presentation order. To this aim, we chose a fixed number of sequence templates. Specifically, three templates were chosen; each was 55 trials long and was used six times, to give 990 trials.
At the end of the lexical decision task participants performed a digitcancellation task that was followed by a recognition-memory task. This was based only on the nonwords presented during the lexical decision task. The recognition-memory test list consisted of the 160 target nonwords and 80 new distractors presented in random order. The distractor nonwords were chosen with the same general characteristics as the targets.
Procedure. In the first part of the experiment, participants were engaged in a lexical decision task; that is, they were required to make a word-nonword decision for each presented item. Participants were tested individually in a single 1-hr session. Item presentation was controlled using PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Stimuli were displayed in the center of the screen of a Macintosh computer. Each item remained on the screen for 2,000 ms and was then removed. The screen then remained blank for 2,000 ms until the next trial began. To indicate their lexical decision, participants pressed one of two keys of a button box. They used a finger of the preferred hand for a word decision and a finger of the other hand for a nonword decision. Participants were told to respond as quickly and accurately as possible and to do so as soon as they saw the word on the screen. If participants did not respond within the 2,000 ms during which the word was presented, the next trial began with the 2,000-ms blank period. The lexical decision task and the actual data collection were preceded by a practice trial containing 20 words and nonwords. Participants pressed the space bar to initiate the task. The experimental list was presented in three blocks of 330 trials each. After each block there was a brief rest if participants requested it.
In the 5-min retention interval between the lexical decision task and the recognition-memory task, participants were asked to perform a digitcancellation task. Following this task, a surprise yes-no recognitionmemory task was administered. Only nonwords were shown. Half of the participants saw the items displayed in the Trebuchet font, and the remaining half saw the items displayed in the Amazone font. Participants had to press either the key marked yes, if they remembered having seen the item during the lexical decision task or the key marked no, if they could not remember having seen the item during the lexical decision task.
Results
Lexical decision task. Reaction time (RT) responses were excluded from the analyses if they were either faster than 300 ms or slower than 1,200 ms or if the response made to the target was incorrect. The percentage of items excluded from the analyses was 3.5% for both words and nonwords.
Baseline for priming. Repetition priming was calculated as the difference in RTs between the mean response time to the probe trials in each of the three lag conditions (Lag 0, Lag 3, and Lag 6) and the mean RT to the second member in the corresponding baseline condition. The baseline condition to be used for target items repeated at Lag 0 was chosen depending on the four primeprobe format combinations (TT, AA, AT, and TA) as shown in Table 3 . For example, if prime and probe at Lag 0 were shown in Table 3 Arrangement the same font (e.g., TT or AA), the corresponding arrangement of fonts for baseline items was chosen. An equivalent arrangement was also applied to provide an appropriate baseline measurement for spaced targets. However, for spaced items, the appropriate baseline combination of items could not be selected depending on the prime-probe font combination because Lag 3 and Lag 6 probes were not immediately preceded by the prime. To circumvent this problem, as previously explained, we regarded spaced presentations as triads in which the first and the third members were the prime and the probe, whereas the second member was always an item of the same lexical status as the probe, and it was either presented in the same font used to display the probe or in a different font. Therefore, the appropriate baseline conditions for spaced items were chosen to mimic the font sequences that occurred between the second and third member of each triad. For example, if spaced items were repeated in a different font (e.g., TA) but the font used to display the item preceding the probe trial matched the font of the probe (e.g., T[A]A), then the corresponding baseline condition was AA. For the complete list of the appropriate baseline conditions see Table 3 .
of Fonts in Experiment 3 in the Trial Preceding the Target Item and the Target Itself Used to Assess Baseline and Primed Conditions
The above approach provided a suitable method to control for potential effects that the characteristics of the item preceding the probe trial could have on the response time to probe items. In particular, it was made sure that the possible relationships, involving lexical status and font arrangements, occurring between the antecedent and the baseline trials were equivalent to the relationships occurring between the trials immediately preceding each probe trial and the probe trial itself (cf. McKone & Dennis, 2000) .
Repetition priming. A three-way within-subject ANOVA including all three lags (Lag 0 vs. Lag 3 vs. Lag 6), target type (words vs. nonwords) and prime-probe font relationship (same vs. different) was performed on repetition-priming scores (see Table  4 ). Target type was not significant F(1, 17) ϭ 2.84, indicating the presence of a similar repetition-priming effect for both word and nonword conditions. The main effect of font relationship was significant, F(1, 17) ϭ 19.82, MSE ϭ 1,359.2, p Ͻ .01, indicating a larger priming effect when prime and probe trials were displayed in the same font. The significant effect of lag, F(2, 34) ϭ 112.38, MSE ϭ 1,201.9, p Ͻ .01, indicated a decrement in the repetition priming effect when lag increased (Lag 0 ϭ 125 ms, Lag 3 ϭ 66 ms, and Lag 6 ϭ 41 ms).
The interaction between target type and font relationship was significant F(1, 17) ϭ 5.22, MSE ϭ 2,136.8, p Ͻ .05, because of a larger decrement in the repetition priming effect between same and different fonts in the nonword condition (37 ms; the 95% CI ranged from 18 to 55 ms) compared with the word condition (8 ms; the 95% CI ranged from Ϫ8 to 24 ms). There was no significant interaction between target type and lag, F(2, 34) ϭ 0.46, indicating comparable reductions of the repetition priming effect for both words and nonwords as lag increased. The interaction between font relationship and lag was not significant, F(2, 34) ϭ 2.85. Finally, the three-way interaction was significant, F(2, 34) ϭ 4.61, MSE ϭ 1,290.0, p Ͻ .05. Follow-up analyses were then conducted on nonword and word targets, respectively.
Nonwords. A 3 (lag: Lag 0 vs. Lag 3 vs. Lag 6) ϫ 2 (primeprobe font relationship: same vs. different) within-subject ANOVA was conducted on repetition-priming scores for nonwords. A significant main effect of lag, F(2, 34) ϭ 43.96, MSE ϭ 1,712.1, p Ͻ .01, indicated that the repetition priming effect decreased as lag increased (Lag 0 ϭ 115 ms, Lag 3 ϭ 58 ms, and Lag 6 ϭ 24 ms). There was a significant effect of prime-probe font relationship, F(1, 17) ϭ 17.92, MSE ϭ 2,029.4, p Ͻ .01, indicating the presence of a larger repetition-priming effect when targets in both prime and probe trials were displayed in the same font. Finally, the interaction was significant, F(2, 34) ϭ 6.39, MSE ϭ 1,718.1, p Ͻ .01. Paired t tests, with a Bonferroni correction, showed that the reduction in the repetition-priming effect between the same and the different prime-probe font conditions was significant at Lag 0 (72 ms), t(17) ϭ 3.89, p Ͻ .0167; and at Lag 6 (36 ms), t(17) ϭ 2.76, p Ͻ .0167, but it was not significant at Lag 3 (2 ms; t Ͻ 1).
Words. A significant main effect of lag, F(2, 34) ϭ 30.6, MSE ϭ 1,992.2, p Ͻ .01, indicated that the repetition priming effect decreased as lag increased (Lag 0 ϭ 136 ms, Lag 3 ϭ 75 ms, and Lag 6 ϭ 57 ms). The lack of a significant main effect of prime-probe font relationship coupled with the nonsignificant interaction (Fs Ͻ 1.17) indicated that changes in fonts between prime and probe trials did not affect the size of the repetitionpriming effect for words, in any of the lag conditions.
Recognition memory. Results are presented in Table 5 . Given that the number of items assigned to the massed presentations was 80, whereas in this experiment it was 40 for Lag 3 and 40 for Lag 6, the two spaced conditions (Lag 3 and Lag 6) were pooled together to have the same number of nonwords repeated in massed and spaced configurations. Preliminary paired t tests showed that recognition-memory discrimination did not differ between nonwords repeated during the study sequence at Lag 3 and Lag 6 both when the font was kept constant and when it changed between the repeated occurrences of target nonwords during learning (ts Ͻ 1).
As in Experiment 1, a preliminary analysis was conducted only on the subset of targets presented twice at study in the same font but displayed at test either in the same or in a different font. A 2 (massed vs. spaced) ϫ 2 (study-test font manipulation: same vs. For the main analysis, a 2 (repetition: massed vs. spaced) ϫ 2 (font manipulation of repeated targets at study: same vs. different) within-subject ANOVA on dЈ scores found no significant effect of font, F(1, 17) ϭ 1.27. The main effect of repetition was significant, F(1, 17) ϭ 8.19, MSE ϭ 0.016, p Ͻ .05, indicating that spaced items were better recognized that massed items. Finally, the interaction was significant, F(1, 17) ϭ 4.94, MSE ϭ 0.019, p Ͻ .05, indicating a reduction in the spacing effect when different fonts were used to display the repeated items during learning. The mean difference in dЈ scores between spaced and massed items was 0.16 when no font changes occurred at study (the 95% CI ranged from 0.05 to 0.27), whereas this difference was 0.01 when font changes occurred during learning (the 95% CI ranged from Ϫ0.06 to 0.09).
Discussion
To summarize the results obtained in the lexical decision task, it appeared that the font manipulation between prime and probe trials had no significant effect on short-term repetition priming for words, whereas it affected nonword priming. Moreover, changing the font between prime and probe trials particularly depressed priming for nonwords repeated at Lag 0. These results indicate that the font manipulation used during the learning phase of the previous experiments was appropriate in affecting the perceptualrepetition-priming effect for nonwords, thus providing a basis for the spacing effect in recognition memory to emerge. The results obtained in the surprise recognition-memory test administered after the lexical decision task are congruent with the short-term perceptual-priming account of the spacing effect in cued-memory tasks for unfamiliar stimuli.
1 A reliable spacing effect was obtained only when nonwords were displayed in the same font in the prime and probe trials. When two different fonts were used for prime and probe trials, the spacing effect was significantly reduced and recognition-memory accuracy did not differ significantly between massed and spaced items.
As discussed in the introduction, the short-term perceptualpriming account predicts that the spacing effect should be either reduced or eliminated mainly because recognition of massed items repeated in different fonts should increase compared with massed items repeated in the same font, whereas performance for spaced items should be comparable in both font conditions. However, unlike Experiment 1, this seems not to have occurred in the present experiment. It should be noticed, however, that although straightforward, the above prediction is not always easy to test. The reason for this is that overall recognition-memory performance can be affected by changes in the type of font used between study and test. Although this effect did not reach significance in Experiment 3, F(1, 17) ϭ 2.16, this failure may reflect the use of a small sample size and not a small effect of the font manipulation between study and test. This view seems to be supported by the observation that the effect size of the font manipulation (i.e., r ϭ 0.34), was comparable with that obtained in Experiment 1 (i.e., r ϭ 0.31) in which the font manipulation approached conventional levels of significance.
It is also important to keep in mind that items repeated at study using the same font can be displayed at test either in the same font used at study or in a different font, whereas for items presented twice at learning in different fonts, at least one of these occurrences is displayed in the same font used at test. Hence, because of this imbalance between the experimental and the control conditions, it may sometimes be difficult to assess if the effect of changes in font at study for massed items lead to an increment in the performance compared with massed items displayed at study in the same font. This difficulty seems to have occurred in Experiment 3. Here the percentage of hits for massed items presented at study in different fonts (i.e., 45.6%) is elevated compared with the condition in which repeated massed items were presented in the same font at study but then tested in a different font (i.e., 42.8%) and equivalent to the condition in which repeated massed items were presented in the same font at study and tested in the same font (i.e., 46.4%). On the other hand, the percentage of hits for spaced items presented at study in the same fonts (i.e., 50% and 50.8%, when test occurred in the same or in a different font from the one used at study) is superior to the performance on spaced items presented using different fonts at learning (46%). Thus, in this experiment the absence of the spacing effect seemed associated to both a relative increment in recognition memory for massed items and a decrement in recognition memory for spaced items that were displayed in different fonts during study. The reason for the reduced performance in the spaced condition remains unclear.
General Discussion
To summarize the results obtained in this study, it appeared that the spacing effect in recognition memory was reduced when the occurrences of the repeated target nonwords were displayed in different fonts during incidental learning (Experiments 1 and 3) . The same manipulation did not affect the spacing effect when words were used as targets (Experiment 2). Experiment 3 also showed that changing font between prime and probe trials decreased short-term repetition priming in a lexical decision task for nonwords but not for words. This effect of changing fonts on nonword priming was greatest when probe trials immediately followed prime trials. In a subsequent unexpected recognitionmemory test of the nonwords, the spacing effect was absent for items displayed at learning in different fonts.
Overall, the results obtained in this study appear to support the short-term perceptual-priming account of spacing effects in cuedmemory tasks for meaningless, unfamiliar stimuli. Perceptualrepetition-priming effects act to reduce perceptual processing of the second occurrence when items are repeated in succession (massed items) but not if repetitions are spaced.
Under the assumption that perceptual information supports retrieval of meaningless, unfamiliar material in cued-memory tests, these differences in the amount of perceptual processing between the second occurrence of massed and spaced items provide a basis for the emergence of the spacing effect. Congruent with this view, the present study showed that when perceptual repetition priming was reduced, particularly for massed items, by changing the fonts between the occurrences of the repeated target nonwords, the spacing effect in a yes-no recognition-memory task effectively disappeared.
The results obtained in the repetition-priming tasks in Experiment 3 are also relevant to the theoretical debate about which type of representation supports short-term repetition priming (for a discussion see Bowers, 2000) . In particular Bowers (2000) , reviewing the relevant literature on word priming, noticed that short-term repetition priming for words is largely insensitive to manipulation of text case. This evidence is congruent with views positing that word priming is mainly supported by abstract orthographic representations (e.g., Morton, 1979) . On the other hand, Experiment 3 showed that short-term nonword priming was significantly reduced when different fonts were used to display the items in the prime and probe trials. This new finding is incompatible with abstractionist accounts of nonword short-term priming. If abstract codes support nonword repetition priming, it should then follow, as in the case of words, that the font manipulation used in Experiment 3 should not have affected repetition priming. Hence, because this manipulation affected nonword priming, it appears that the results obtained in Experiment 3 support those views suggesting that short-term nonword priming is supported by new perceptual representations acquired during previous study episodes (e.g., Roediger, Weldon, & Challis, 1989; Schacter, 1994) .
In conclusion, the results obtained in the present study demonstrate the need for a multifactor approach to provide a complete account of spacing effects in explicit memory tasks (Challis, 1993; Greene, 1989) . In particular, the present findings show that shortterm perceptual priming underlies the spacing effect in explicit cued-memory tasks for meaningless, unfamiliar stimuli. Further experiments currently being carried out in our laboratory are investigating whether the results obtained in the present study can be generalized to different materials (e.g., unfamiliar faces) and to cued-memory tasks other than yes-no recognition tasks.
